The presence of keratan sulfate (KS) and KS proteoglycans in bone has been demonstrated in birds and rabbits but comparison with other animal species has not been investigated. The nature and distribution of mineral-binding, KS-containing glycoconjugates in rat and rabbit bone were investigated with a monoclonal antibody (MAb 5D4) specific for KS. Mineral-binding proteins were extracted from the mineralized bone with 0.4 M EDTA without guanidine-HCl (Eextract). On Western blot analysis of SDS-polyacrylamide gel electrophoresis, rat E-extract gave a weak 5D4-reactive band, Mr 66,OOO-68,000, whereas rabbit E-extract produced two major reactive populations of small and large molecular size; one population consisted of two closely spaced bands at Mr 61,000-63,OOO and 66,000-68,000, and the other population consisted of one band at approximately Mr 200,000. The identity of KS chains was further established by the sensitivity of these bands to keratanase 11 (Bacillus
Introduction
The predominant proteoglycans (PGs) isolated from bone of several animal species had two different core proteins with a molecular weight (Mr) of 45,000, and one or two attached chondroitin sulfate(s) (average Mr 40,000 each) and 0-linked and N-linked oligosaccharides. These two species, designated PG I (biglycan) and PG I1 (decorin), were different gene products (14,15$3,19) . The predominant glycosaminoglycan (GAG) associated with these PGs appeared to be chondroitin-4-sulfate (C4-S) (36). The other GAG in bone, keratan sulfate (KS) and material resembling U, was identified in a few species such as Japanese quails (16,17,28), chickens (4, 44) , and rabbits (2,10,33,51). Kinne and Fisher (30) isolated and partially characterized a KSPG with a Mr of 200,000 from rabbit cortical bone that was rich in sialic acid. In other species, Prince Correspondence to: Minoru 'I!akagi, DDS, PhD, Dept. of Anatomy, Nihon Univ. School of Dentistry, Kanda-Surugadai, Chiyoda-ku, Tokyo 101, Japan. sp. Ks 36) and endo-p-galactosidase. Immunocytochemistry with MAb 5D4 showed that, in rat bone, staining associated with the mineral phase was limited to the walls of osteocytic lacunae and bone canaliculi, whereas the remainder of the mineralized ma& lacked staining. In contrast, in rabbit bone the staining was distributed over the enure portion of the mineralized matrix with focal accumulation of staining in the wall of the lacunocanalicular system. These results indicate that rat bone contains a mineral-binding, KScontaining glycoconjugate with preferential localization in the wall of the lacunocanalicular system, whereas rabbit bone contains at least two or possibly three types of KS-containing glycoconjugates distributed over the entire portion of the mineralized matrix. et al. (38) reported the presence of [ 35S]-sulfate-labeled material sensitive to keratanase in rat bone. However, its amount was so small that it is difficult to judge whether or not KS is a component of rat bone GAG.
The unique chain geometry of KS is composed of a number of the repeating disaccharide (N-acetyllactosamine) units, in which sulfate groups are present in the C-6 position of the glucosamine unit and also in some of the galactose residues at the C-6 position (39). KS was found 0-linked to serine and threonine in aggregating cartilage PG (KS II) and N-linked to asparagine in comeal KSPG (KS I) (39). The monoclonal antibody (MAb) 5D4 (5,6,34), which recognizes a minimum of six sugar units containing disulfated N-acetyllactosamine residues of KS, has been used in a wide range of biochemical studies examining KSPG biosynthesis and metabolism in cartilage and cornea (5). Using MAb 5D4, Bartold (1) immunohistochemically localized KS in the immediate periphery of bone lacunae and the mineralized matrix in rabbit alveolar bone; however, this study did not examine the ultrastructural distribution of KS.
The present biochemical and immunocytochemical study was undertaken to identlfy the nature and distribution of KS-containing glycoconjugates in rat and rabbit bone, using MAb 5D4 specific for KS (5, 6, 34) .
Materials and Methods
Ten Wistar rats weighing approximately 85 g each and seven young rabbits weighing approximately 2.5 kg each were used in this study.
Biochemistry
Non-collagenous Protein Extraction. The method for the extraction of non-collagenous proteins was performed with a modified method (12.24) originally described by Termine et al. (47) . The fresh midshaft subperiosteal bone of the femora, tibiae, and humeri was obtained from the rats (n = 7). The alveolar bone of the rabbits (n = 5) was collected from the immediate area around the sockets of excised incisors and molar teeth of the mandibular bone. These bone samples were carefully dissected free and cleared of adherent soft connective tissue and reduced in size with a bonecutting forceps. The bone fragments (rat, approximately 1.8 g; rabbit, approximately 3.0 g) were rinsed in PBS containing protease inhibitors (PI) (0.1 M 6-aminohexanoic acid, 0.005 M benzamidine hydrochloride, and 0.001 M phenylmethylsulfonyl fluoride), pH 7.3, at 4'C. All extraction and subsequent rinses were performed at 4°C. The ratio of the bone tissue to extractant volume was 1 g:200 ml for each extraction. Extraction to remove organic material bound to the non-mineralized phase was done with constant stirring with 4.0 M guanidine-HC1 (GdnCl), 50 mM %is-HCI containing PI, pH 7.4 (90 or 150 ml/day x 4 days). The supernatant was separated from the residue by centrifugation and recovered (Gl-extract). The residue was subsequently rinsed with PBS-PI (90 or 150 ml/day x 3 days) and then extracted (90 or 150 mllday x 4 days) with 0.4 M EDTA, 50 mM Tris-HU containing PI, pH 7.4. The supernatant, containing non-collagenous proteins extracted from the mineral phase, was recovered after centrifugation (E-extract). The demineralized collagenous residue was rinsed with PBS-PI (90 or 150 mllday x 3 days) and then re-extracted with 4.0 M GdnC1, 50 mM Pis-HC1 containing PI, pH 7.4 (90 or 150 ml/day x 4 days) as described above. The supernatant was recovered after centrifugation (G2extract). Each extract was concentrated 10-to 20-fold by ultrafiltration on a PM-IO Diaflo membrane filter (Amicon; Danvers, MA), dialyzed exhaustively against 0.1 M ammonium bicarbonate containing 0.005% Brij (Sigma; St Louis, MO), and freeze-dried. Enzyme Digestion. Several portions (5 pg) of the lyophilized sample from each extract were digested with either 5 mU of keratanase 11 (from Bucdlus sp. KS 36) in 0.1 M sodium acetate buffer, pH 6.5, or 0.5 mU of endo-P-galactosidase (from Escherichiafreundiz] in 0.1 M sodium acetate buffer, pH 5.8, 2 5 mu of endo-P-N-acetylglucosaminidase (from Fhobucterium sp.) in 0.25 M K-phosphate buffer, pH 6.0, 10 mU of protease-free chondroitinase ABC in 0.1 M %is-HC1, pH 8.0, containing 0.03 M sodium acetate. In each case the appropriate buffer was added to a final volume of 20 pl, These enzymes were obtained from Seikagaku Kogyo (Tokyo, Japan). The enzyme digestion was performed at 37% for 60 min. Reactions were terminated by freezing at -70'C and freeze-dried for gradient sodium dodccyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE).
SDS-PAGE. SDS-PAGE was carried out in 5-20% gradient cross-linked polyacrylamide gel, using the discontinuous %-glycine buffer system as previously described by Laemmli (31). Samples (5 pg each) with or without enzyme digestion were dissolved in 10 pl of sample buffer containing 1% SDS, 2.0 M urea, and bromophenol blue marker to which dithiothreitol 15 mglml (wlv) was added. Subsequently, they were heated at 95°C for 5 min. Six-cm Minislabs (Mighty Small 11; Hoefer Scientific Instruments, San Francisco, CA) polyacrylamide gels with a thickness of 0.75 mm were used for the separation of proteins. The minislab gradient gels were electrophoresed for 60 min at 150 V. After electrophoresis the gels were washed three times with 25% (vlv) isopropyl alcohol for a total of 60 min. They were stained with 0.25% (wlv) Coomassie Brilliant Blue R-250 (13), 0.025% (wlv) silver nitrate (35). or 0.025% (wlv) Stains-all (7). The Stains-all solution was made up fresh before use as follows: 30 mM Eis, pH 8.8, containing 7.5% (vlv) formamide, 25% (v/v) isopropyl alcohol, and volume made to 100 ml, to which 2.5 mg of Stains-all was added in the dark, with stirring. The Stains-all solution was then added to the polyacrylamide gel and shaken gently overnight at 22'C.
Western Blotting. Full details of the characteristics and specificity of MAb 5D4 have been given elsewhere (5.6.34). MAb 5D4 has been raised against PG core protein isolated after chondroitinase ABC digestion of human articular cartilage PG monomer and specifically recognizes disulfated poly-(N-acetyllactosamine) sequences on corneal and skeletal KS oligosaccharides attached to core proteins (5,6).
Immunotransfer analysis was performed on a Multiphor I1 Nova Blot system (LKB; Uppsala, Sweden) with 39 mM glycine, 48 mM Tris, 20% (v/v) methanol (continuous buffer system), at constant amperage of 0.8 mA/cm2 of the gel, for 60-90 min. At the completion of the transfer, the excess protein binding sites on transfer membranes (Immobilon PVDF h sfer Membrane; Millipore, Bedford, MA) were blocked with 10% skim milk (Difco Laboratories; Detroit, MI) in 10 mM %is-buffered saline, 145 mM NaCl, pH 7.4 (TBS), for 18 hr at 4'C. The sheets were then washed three times in TBS containing 0.05% Tween 20 (TBS-Tween). The sheets were incubated for 90 min at 22 "C with mouse anti-KS (5D4) (Selkagaku Kogyo) diluted 1:50 in distilled water containing 10% (vlv) bloddng reagents (Block Ace; Snow Brand Milk Products, Tokyo, Japan). The sheets were washed three times in TBS-Tween and incubated for 40 min at 22°C with horseradish peroxidase (HRP)-conjugated second antibody (F(ab)2 goat antimouse IgG (H+L) (Zymed Laboratories; San Francisco, CA) diluted 1:400 in distilled water containing 10% blocking reagents. The sheets were washed three times in TBS-Tween and once in TBS, and then incubated in either 0.06% (methanol-dissolved) 4-chloro-l-naphthol, 0.04% Hz02 in TBS. pH 7.5 (27) or diaminobenzidine (DAB) medium of 50 ml PBS, pH 7.2, containing 25 mg DAB-tetrahydrochloride (Sigma) according to Burns et al.
(3) for 5-30 min at room temperature. As controls, the membranes were treated as follows: (a) omission of treatment with MAb 5D4 from the sequence and (b) exposure of the membrane to a solution containing normal mouse serum (diluted in 1:50 in distilled water containing 10% (dv) blocking reagents) instead of MAb 5D4.
Aldehyde Fiiiztion and Demineralization of Specimens
The midshaft subperiosteal bone of the tibiae was removed from the rats (n = 3) under anesthesia after perfusion-fixation with modified Kammky's fmuve (29) containing4% paraformaldehyde-0.5% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.3, for 10 min. The tissues were reduced to approximately 0.3 mm x 2.0 mm x 8.0 mm in size with a razor blade. These specimens were further immersed in the same fixative for 50 min at 4'C. The mandibular bone was obtained from freshly slaughtered rabbits (n = 2). The alveolar bone was collected from the mandibular bone as described above and was reduced to approximately 0.3 mm x 2.0 mm x 8.0 mm in size with a bone-cutting forceps and immersed in the same fixative for 60 min at 4'C. After fixation all specimens were thoroughly rinsed in 0.1 M cacodylate buffer (pH 7.3) at 4°C. Specimens were dehydrated through a series of graded ethanol (30, 50. 70, and 80%) (11) and then treated for 4-10 weeks at 4'C with 0.2 M triethylammonium EDTA solution in absolute ethanol diluted 4:l in distilled water (ethanolic alkylammonium EDTA) according to Scott and Kyffin (41). The use of ethanolic alkylammonium EDTA for demineralization of aldehyde-fixed bone specimens is extremely favorable for obtaining good retention of PGs and glycoproteins in bone tissues without reducing antigenicity (46) . After demineralization they were then thoroughly rinsed with 80% ethanol at 4'C.
Light Microscopy
Specimens were dehydrated and embedded in paraffin. Sections 6 pm thick were dewaxed in xylene and rehydrated through descending concentrations of ethanol. Some sections were stained with hematoxylin and eosin (HE) for light microscopic examination, whereas others were immunostained as described below. When 5D4 is used prior digestion with the specific glycosidases is nor required; however, in the present study some specimens were evaluated after treatment with chondroitinase ABC.
Immunostaining of KS-containing Glycomnjugates. Tissue sections were thoroughly rinsed in PBS, pH 7.3, at 4°C before and after treatment of these sections in 0.1% glycine in PBS for 30 min to quench free aldehyde groups (49). Some tissues sections were briefly washed in 0.1 M sodium acetate-0.1 M Tris-HC1 buffer (pH 7.3) and were exposed for 1 hr at 37'C to a protease-free chondroitinase ABC (Seikagaku Kogyo) solution [0.2 U/ml in 0.1 M Tris-acetate. pH 7.3, containing 1 mglml bovine serum albumin (BSA)] (9). The tissue sections, with or without chondroitinase digestion, were then permeabilized with 0.03% saponin in PBS (S-PBS) before and during incubation with the antibodies, as well as during the consecutive rinses, as recommended elsewhere (50) . BSA was also added to the S-PBS solution at the concentration of 1% (S-PBS and BSA) when indicated. The tissue sections were treated with the S-PBS solution containing 0.3% H202 and 0.1% sodium azide for 30 min at 22°C to eliminate endogenous peroxidase activity (32). Subsequently, these sections were thoroughly rinsed in S-PBS and exposed for 30 min at 22'C to normal goat serum diluted 1:10 in S-PBS and BSA. After a brief rinse with S-PBS and BSA, the specimens were treated with mouse anti-KS (5D4) (Seikagaku Kogyo) diluted 1:50 in S-PBS and BSA for 90 min at 22'C. The specimens were then rinsed in S-PBS and BSA and exposed for 90 min at 22'C to HRP-conjugated second antibody (F(ab')z goat anti-mouse IgG (H+L); Zymed Laboratories) diluted 1:50 in S-PBS and BSA. After thorough rinsing with S-PBS and PBS. the tissue sections were incubated in 3.3'-diaminobenzidine (DAB) substrate solution without H202 for 20 min and the complete DAB substrate solution for 10 min at 22'C as described previously (25). The substrate medium consisted of 100 ml of 0.05 M Tris-HC1 buffer (pH 7.6) in which 50 mg of DAB-tetrahydrochloride was dissolved and 0.1 ml of 5.2% H202 was added immediately before use. Tissue sections were rinsed with 0.05 M Tris-HCI buffer at 4'C, dehydrated with ethanol, cleared in xylene, and mounted for light microscopic examination. For control preparations, normal mouse serum was substituted for the MAb 5D4.
Electron Microscopy
The aldehyde-fixed and demineralized specimens in 80% ethanol at 4'C were cut into 15-wm thick sections by a Microslicer (Dosaka EM; Kyoto. Japan). They were rehydrated through descending concentrations of ethanol (70. 60, 50.40. and 30%) and brought to PBS-PI or 0. scribed above. Subsequently they were osmicated. routinely dehydrated in ethanol, and embedded as described above. The thin sections were examined with the electron microscope without counterstaining.
Results

Biochemistry
Aliquots of GI-, E-, and G2-extracts from rat subperiosteal bone and rabbit alveolar bone electrophoresed on 5-20% gradient mini- Figures la and 2a) . Figure 2b) . When rat extracts were stained with the DAB method ( 3 ) (Figure lb) , it increased the sensitivity as previously - Figure 7 . Pre-embedment immunoperoxidase staining of rat midshaft subperiosteal bone with 5D4 specific for KS after chondroitinase ABC digestion. MAb 5D4 stains weakly to moderately the surface of an osteocyte, the pericellular matrix, and the walls of bone canaliculi (BC; enlarged in lower right inset), and stains moderately to strongly the lacuna wall (LW); enlarged in upper left inset). In the pericellular matrix, staining (arrows) is localized between and at the periphery of collagen fibrils (CO). In the lacuna wall, the most intensely reactive site is a boundary between the pericellular matrix and the lacuna wall. The space between osteocytic processes and the lacuna wall does not show definitive staining. Original magnification x 17,500; Insets x 35,000. Bars = 0.5 pm. reported (8). Therefore, the latter method was used for staining rat extracts and the former method was used for staining rabbit extracts.
slab gels and stained with Stains-all (Figures la and 2a) showed that E-extract produced a number of bands which stained blue, while proteins in the other two extracts stained pink with the exception ofafew blue-stained bands in G2-extracts (
Antibody Reaction to KS-containing Glycoconjugates. When
peroxidase-labeled membranes were stained with the method using 4-chloro-l-naphthol(27), the reactivity of rat extracts was very weak on wet membranes and faded when the membrane was dried (not illustrated), whereas antigen in rabbit extracts could be clearly detected (
Westem blot analyses of rat extracts revealed that MAb 5D4 did not produce any reactive bands in GI-and G2-extracts, but weakly stained only a single band in E-extract at Mr 66,000-68,000 (estimated from the gradient gel) ( Figure Ib) .
Analysis of rabbit extracts showed that MAb 5D4 stained three bands in E-extract at Mr 61,000-63,000, Mr 66,000-68,000, and Mr approximately 200,000, the lower band being weakly reactive and the higher band strongly reactive, indicating that the larger was more predominant than the smaller. MAb 5D4 also weakly stained only a single band in G2-extract at Mr 66,000-68,000, whereas G1-extract failed to react with MAb 5D4 (Figure 2b) .
These reactive bands were further confirmed to be attributed to KS by subjecting them to a variety of well-defined enzymes and visualizing the results on Westem blotting. The epitope in all bands recognized by 5D4 was destroyed by keratanase I1 and endo-0galactosidase (data not shown). Prior digestion of the extract with endo-P-N-acetylglucosaminidase eliminated 5D4 reactivity of all bands except for a band at Mr approximately 200,000 ( Figures IC  and 2C ). In addition, digestion of the extracts with chondroitinase ABC had no apparent effect on the electrophoretic mobility and Western blot, thus eliminating the possibility that the band arose from oligosaccharide stubs attached to the core protein after chondroitinase ABC digestion of PGs (data not shown).
In all controls either exposed to normal mouse serum instead of MAb 5D4 or not exposed to MAb 5D4, no reactive bands were observed (data not shown).
Light Microscopy
Immunohistochemistry. In rat bone specimens not exposed to chondroitinase ABC, MAb 5D4 very weakly stained the cell surface of osteocytes and the walls of bone lacunae, and weakly stained vascular canals, with no identifiable staining in the rest of the bone matrix ( Figure 3 ). After chondroitinase ABC pre-treatment, a significant increase in MAb 5D4 antigenicity was observed in the cell surfaces of osteocytes, lacuna walls, and bone canaliculi, as well as in the walls of vascular canals, but the rest of the bone matrix lacked staining (Figure 4) .
In rabbit bone specimens not exposed to chondroitinase ABC, MAb 5D4 staining was distributed over the entire portion of the mineralized matrix and present in vascular canals; focal accumulation of staining was observed in presumed lacuna walls. However, the cell surfaces of osteocytes and the unmineralized matrix sur-rounding osteocytes (pericellular matrix) did not show clearly identifiable staining at the light microscopic level (Figure 5) . When chondroitinase ABC digestion was used a significant increase in staining was observed in the aforementioned sites, whereas the distribution of the stained material was very similar in the two specimens ( Figure 6 ). Similar staining of the aforementioned sites of rat and rabbit bone specimens was not observed in all control specimens (not illustrated).
Electron Microscopy
Immunocytochemistry. We evaluated only MAb 5 D 4 staining in tissue sections treated with chondroitinase at the electron microscopic level.
In rat bone, MAb 5D4 staining was observed in the unmineralized portion, such as the cell surfaces of osteocytes, the pericellular matrix surrounding osteocytes, and the unmineralized matrix, which often lined the inside of the wall of the vascular canal, as well as in the walls of bone lacunae and bone canaliculi, which were mineralized (Figures 7 and 8) . However, the rest of the mineralized bone matrix lacked staining.
In rabbit bone, MAb 5D4 staining appeared to be especially prominent in the walls of bone lacunae and bone canaliculi. The rest of the mineralized bone matrix demonstrated relatively homogeneous staining, which was observed on collagen fibrils ( Figures  9-11 ). The narrow space between the canalicular wall and the osteocytic process did not demonstrate definitive staining. Immunoreactivity of the pericellular matrix surrounding osteocytes varied with bone lacunae, ranging from very weak to moderate. The matrix material appeared to be attached to the cell surface of an osteocyte (Figures 9 and 10) . The vascular canals stained similarly to those of the rat subperiosteal bone (not illustrated).
Similar staining of the aforementioned sites was not observed in all control specimens (not illustrated).
Discussion
This study demonstrates the nature and distribution of KScontaining glycoconjugates associated with the mineral phase of rat midshaft subperiosteal bone at the biochemical and immunocytochemical level, using MAb 5D4 which recognizes epitopes within KS, consisting of a minimum of six sugar units containing disulfated N-acetyllactosamine residues (5,6,34) . Furthermore, the results obtained from the rat bone were compared with those of rabbit alveolar bone. On the basis of Western blot analysis of E-extract from the rat bone with MAb 5D4, we demonstrate that KS-containing glycoconjugates having an average Mr of 66,000-68,000 from SDS-PAGE are present in the mineral phase. Furthermore, this glycoconjugate contains P-N-acetylglucosaminidic linkage susceptible to enzyme digestion with endo-P-N-acetylglucosaminidase. The immunocytochemical localization of this glycoconjugate to the wall of the bone lacuna and canaliculus in this study was identical with that observed for chondroitin sulfate PGs in rat bone (45), which suggests that KS-containing glycoconjugates co-localize with chondroitin sulfate PGs. Previous biochemical studies (38) have shown that [ 35S]-sulfate-labeled material sensitive to keratanase is present in mineralized matrix of rat bone; however, its amount is so small that it is difficult to judge whether or not KS is a component of rat bone GAGs. The present study is the first to demonstrate the presence of KS-containing glycoconjugates associated with the mineralized bone matrix of rat midshaft subperiosteal bone and also the presence of a similar type of the glycoconjugate having an MI of66,OOO-68,000 in the rabbit alveolar bone.
The presence of KSPG-and KS-resembling material in rabbit bone has been demonstrated biochemically (2,10,33,51). Kinne and Fisher (30) have isolated and partially characterized one of these molecules, demonstrating the presence of a KSPG with an Mr of approximately 200,000 in rabbit cortical bone. KS chains are 0-linked to a core protein (MI approximately 80,000), the aminoterminal protein sequence of which is nearly identical to human bone sialoprotein I1 (30) . Based on our Western blot analyses of E-extract from rabbit bone, two major bands were seen, the smaller giving the doublet at Mr 61.000-63,000 and Mr 66,000-68,000 and the larger being more predominant than the smaller and having an Mr of approximately 200,000 on 5-20% SDS-PAGE. The identity of KS chains was further established by the sensitivity of these bands to keratanase I1 and endo-P-galactosidase. Keratanase I1 hydrolyzes 1,3-~-glucosaminidic linkage to galactose in KS, but on cleavage it requires the sulfate at C-6 position of the participating glucosamine (26,37), whereas endo-P-galactosidase hydrolyzes specifically the P-galactosidic linkages of non-sulfated galactosyl residues in KS and various substrates (23,37). To determine the presence of an asparaginelN-acetylglucosamine linkage serving as an attachment site for KS, endo-P-N-acetylglucosaminidase digestion was similarly performed. The enzyme hydrolytically cleaves the N,Mdiacetylchitobiose moiety of asparagine-linked oligosaccharides of various glycoproteins (52) . Either the susceptibility of the smaller or the insensitivity of the larger to endo-P-N-acetylglucosaminidase suggests that the major distinction between the two forms of KScontaining glycoconjugates is their mode of attachment to the core protein; the smaller contains KS linked to protein through the P-N-acetylglucosaminidic linkage between N-acetylglucosamine and the amide group of asparagine as observed in corneal KS (39), and the larger appears to lack this linkage. Therefore, the larger population may represent the KSPG previously identified by Kinne and Fisher (30), whereas the smaller population has not been previously demonstrated in rabbit bone. However, quail medullary bone contains KSPGs of similar size (Mr 40,000-70,000) (28).
The present study demonstrates that prior chondroitinase ABC digestion of tissue sections increases immunohistochemical 5D4 staining of rat and rabbit bone. This observation may indicate that the enzyme pre-treatment can facilitate penetration of staining reagents by the elimination of chondroitinase ABC-digestible GAGs, since chondroitin sulfate chains, being longer than KS chains, provide steric hindrance (42) and are known to be co-localized in reactive sites of rat subperiosteal bone (45). The validity of this interpretation is supported by the results of previous studies (42) demonstrating increased 5D4 antigenicity in PGs purified from chick and bovine cartilage after chondroitinase pre-treatment, using enzyme-linked immunosorbent assays.
Previous immunohistochemical studies by Bartold (1) have used MAb 5D4 to localize KS staining in the immediate periphery of the osteocyte lacunae and the mineralized matrix of rabbit alveolar bone. The present study confirms and extends these observations to the electron microscopic level and also compares two different species. The present immunocytochemical staining of mineral-binding, KS-containing glycoconjugates was observed in the wall of the lacunocanalicular system and the rest of the mineralized bone matrix of rabbit bone, but was confined only to the former site in rat bone. Differences between immunocytochemical localization in these two specimens could be explained by our results of Western blot analysis, showing the presence of the larger population having Mr of approximately 200,000 and presumed to be a KSPG rich in sialic acid or bone sialoprotein I1 in rabbit bone (30), but the absence of this population in rat bone. Bone sialoprotein 11, which has been identified in human, bovine, and rat bone (20-22) does not appear to have any KS chains (30). Therefore, 5D4 staining in the rest of the mineralized matrix of rabbit bone is presumably attributed to the KSPG. Furthermore, the present ultrastructural immunocytochemistry localized this staining on collagen fibrils. This observation presumably indicates that KS-containing glycoconjugates bound to collagen fibrils are binding with calcium phosphate or hydroxyapatite in vivo. This assumption is similar to the postulated mechanism of the collagen-osteonectin complexmediated bone mineralization (48) .
Finally, the larger population of mineral-binding, U-containing glycoconjugates (Mr approximately 200,000) is considered unique to rabbit bone, whereas identification of the smaller population, especially the Mr 66,000-68,000 glycoconjugate in both the rat and rabbit bone, suggests that this molecule appears to be a widely distributed component in the bone matrix of a wide variety of animal species. The function of these molecules in bone is not known at present. Further biochemical studies of these molecules may result in a better understanding of their role in biological functions such as bone matrix assembly, bone metabolism, and possibly mineralization.
